A reatividade e diastereosseletividade da adição conjugada de íons nitronatos representativos à (R)-carvona foi estudada. Os adutos de Michael 2a-e foram obtidos em bom rendimento e boa 3,2-cis-3,5-trans-seletividade. Os nitroadutos 2b e 2c foram transformados via uma reação de Nef nos ceto-derivados 9 e 10 ao passo que uma reação de desnitração transformou 2b e 2d nos derivados alquilados da carvona 11 e 12.
Introduction
Both enantiomers of carvone are commercially available at low cost and have been extensively used as chiral starting material in enantioselective syntheses of natural products with diverse biological activities. [1] [2] [3] [4] [5] [6] The functional richness of 1 allows different synthetic transformations such as conjugate additions, electrophilic additions to electron-rich double bond, frame rearrangement, α-alkylation, carbonyl 1,2-addition, etc. In the case of conjugate addition, different nucleophiles have been added onto electron deficient double bond of 1, for example alkyl Grignard reagents, 7 organocopper reagents, 8 cyanide anion, 8 allyl organoindium reagent, 9 thiophenolate, 10 silyl enol ethers 11 and alcoholate. 12 The stereochemistry of the addition of these nucleophiles is preferentially trans to the isopropenyl group. 7, 8, 10, 13 Giving pursuit to our strategy to study the reactivity and diastereoselectivity of nitronate anions in nucleophilic additions to chiral nonracemic eletrophiles, [14] [15] [16] [17] we imagine to develop a new route for the stereocontrolled introduction of acyl and alkyl groups into the structure of naturally occuring (R)-carvone and in this manner provides an entry into various potentially important synthetic intermediates. Thus the keto and alkyl derivatives of (R)-Carvone (1) 9-12 could be synthesized via conjugate addition of representative nitroalkanes 3-8 to 1 followed by Nef and denitration reaction, respectively.
Results and Discussion
The Table 1 shows the results obtained in the conjugate addition of nitroalkanes 3-8 to 1 using mostly TBAF.3H 2 O as base.
Our results show that TBAF is an efficient promoter of the conjugate addition of 3-7 to 1 (entries 1-7). Others bases such as triethylamine, amberlyst-A21 or KF supported on alumine were not effective. Secundary nitroalkane 8 was essentially not reactive, even under severe reaction conditions (entries 8, 9) . The addition of the primary nitroalkanes 4 and 5 required excess of reagent (5 equiv.) or longer reaction time for efficient transformation to the desired adducts (entries 2-4). The diastereoselectivity was substantially increased by use of higher concentration of base and longer reaction time τ (entries 5-7), possibly due to epimerization of the stereocenter at a-carbonyl position 18 (compare entries 2-4 with 5-7). No stereocontrol in the nitromethine stereocenter could be obtained due to easy epimerization of this sterereocenter in basic reaction media. 15, 16 The transformation of the nitroadducts obtained in synthetic useful alkylated and ketoderivatives of 1 was also accomplished. Thus, the nitroadducts 2b,c could be transformed into corresponding ketone derivatives 9, 10 via a Nef reaction [19] [20] [21] mediated by Oxone TM in good yield and good 3,2-cis-3,5-trans-selectivity, (d.e. 80%), Scheme 1.
Similarly, the nitroadducts 2b, 2d were easily denitrated 22 to corresponding alkylated derivatives 11 and 12 (Scheme 2).
The unambiguous stereochemical assignment to the two new stereocenters formed in the conjugate addition (excluding the nitromethine stereocenter) could be done by chemical correlation with diastereomers of 12 18 and by analysis of the spin coupling constant between H-2 and H-3 proton (J H1e H2a 4.8Hz) in the 1 H NMR spectrum obtained, see Scheme 2. This valor is in agreement with a cis relationship among these hydrogens. 18 The synthesis of 12 confirm the trans kinetical controled addition of nitronate ions to (R)-carvone (1) 7, 8, 10, 13 and the epimerization of a carbonyl stereocenter in the conditions employed. 18 
Conclusions
The transformation of the obtained nitroadducts into alkylated derivatives of carvone complements methodologies of alkylation with the advantage of employing less demanding reaction conditions and low cost reagents. Additionally, the successful Nef reaction allowed the polarity inversion at the nitromethine center, enabling the direct introduction of different acyl groups in the in carvone which might be less practical via other methodologies. The highly functionalised chiral cyclohexanones 10-12 can be view as excellent starting compounds for the total synthesis of enantiomerically pure natural products. available (Aldrich, Across or Merck) and were used as purchased. Methyl nitroacetate (6), 23 1,1-dimetoxi-3-nitropropane (7) 24 were prepared according to literature procedures. 1 
( 2 R , 3 R , 5 R ) -3 -a c e t y l -5 -i s o p ro p e n y l -2 -m e t h y lcyclohexanone 9a+9b
To a solution of 2b, (entry 3, table 1; 0.22g, 1 mmol) in MeOH (6 mL), was added 8 mL of a 0.5 mol L -1 solution of Na 2 HPO 4 whose solvent is a 1 mol L -1 solution of NaOH. After 1 h, a solution of Oxone TM (0.61 g, 1 mmol) in 3 mL of water was added to the stirred suspension. The resulting mixture was stirred at room temperature for 1 h, then acidified with a 10% solution of HCl and extracted with CH 2 Cl 2 . The combined organic layers were washed with brine, dried with anhydrous Na 2 SO 4 
